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SALICBDE PROCESS FOR MOSFET INTEGRATED CIRCUIT 

The invention relates to the manufacture of an integrated circuit, more 
particularly to the formation of metal silicide zones on the polysilicon regions forming, for 
example, the gate regions of the field effect transistors. 

In Figure 1, which very diagrammatically shows a field effect transistor in 
5 accordance with the prior art the gate of which is covered with a metal silicide 5, reference 
numeral 1 denotes a semiconductor substrate within which the field effect transistor is 
formed. As is customary, said field effect transistor comprises a projecting portion of 
polysilicon 2, which forms the gate region of the transistor, said projecting portion being 
isolated from the substrate by a gate oxide 3, which typically consists of silicon dioxide. 

10 The transistor also comprises lateral isolation zones or spacers 4, which are 

provided at the sides of the gate region 2 so as to be in contact therewith. These spacers are 
customarily composed of two layers, i.e. a smaller isolation layer 40, which is generally 
composed of an oxide ( for example, tetraethyl orthosilicate ( Si (OC2Hs) 4 ); also referred to 
as TEOS in English), and a larger isolation layer 41, which is generally composed of silicon 

15 nitride Si3N4. Silicon nitride enables better etching of the spacers while the smaller isolation 
layer forms a buffer layer against the stresses induced in the underlying silicon by the nitride 
layer. 

The manufacture of the transistor also comprises a stage wherein the source, 
drain and gate regions of the transistor are subjected to a silicidation process. This silicidation 
20 process includes, inter alia, the deposition of a metal, such as titanium or cobalt, which, in 

combination with silicon, is capable of forming a metal silicide, for example titanium silicide 
TiSi2- This results in the formation of metal silicide zones 5, 6 and 7, which are provided on, 
respectively, the gate, source and drain regions of the transistor. 

The silicidation stage enables a less elevated resistance of the polysilicon track 
25 2 to be obtained. 

However, as shown in Figure 1, the silicide zone 5 contacting the polysilicon 
region 2 has a curved interface with this polysilicon region, which is caused by mechanical 
stresses induced during the chemical reaction between titanium and silicon. 
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Apart from the fact that said curved surface is less suitable for making contact, 
at a later stage, than a flat surface, the thickness of the silicide formed is smaller at certain 
locations, and it has been found that the bonding power obtained would cause a partial retreat 
of the silicide during subsequent process steps. Finally, this results in a smaller quantity of 
5 silicide, causing a smaller reduction of the resistance of the polysilicon track. 

It is an object of the invention to overcome this problem. 

The invention more particularly aims at improving the silicidation of the 
polysilicon tracks, thereby causing, in particular, the adhesion of the silicide to the silicon to 
be improved and hence a more efficacious reduction of the resistance of these polysilicon 
10 tracks. 

The invention also aims at reducing the mechanical stresses induced in the 
polysilicon in the course of the silicidation process, thus enabling, in particular, a 
substantially flat upper silicide surface to be obtained. 

This object is achieved in accordance with the invention by a method of 

15 manufacturing an integrated circuit, which method includes a stage wherein lateral isolation 
regions ( spacers ) are formed at the sides of at least one projecting polysilicon region so as to 
be in contact therewith, said lateral isolation regions each being composed of a smaller 
isolation layer, which is in contact with said projecting region, and of a larger isolation layer. 
The method also includes a silicidation process to which the upper part of the polysilicon 

20 region is subjected, which silicidation process includes the deposition on said upper part of a 
metal layer which is capable of forming a metal silicide with the silicon. 

In accordance with a general characteristic of the invention, the silicidation 
process includes, prior to the deposition of said metal layer, an etch step to which at least the 
vertical portion of the smaller isolation layer is subjected so as to form a trench of 

25 predetermined depth between the larger isolation layer of each lateral isolation region and the 
corresponding side of the polysilicon layer. Moreover, the deposition of the metal layer, for 
example of titanium, is a directional deposition, which is carried out using, for example, a 
honeycomb-structured collimator, enabling the trenches thus obtained to be correctly filled. 

In other words, an etch process carried out on the smaller isolation layer ( at 

30 least the vertical portion thereof) so as to detach at least the upper part of the polysilicon 
layer is inherent in the invention, said etch process enabling the mechanical stresses 
developing in this upper part during the silicidation to be reduced. In addition, filling the 
trenches obtained by means of the directional metal deposition results in an improved lateral 
silicidation of the polysilicon region. Those skilled in the art will be capable of adjusting the 
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desired depth of the trenches as a function of, in particular, the dimensional characteristics of 
the polysilicon regions and the spacers in order to achieve the effect as desired by the 
invention, and taking into account the intended application. 

In this case, it has been found that, in order to substantially improve the 
5 silicidation, the depth of the trenches preferably should be at least 1720 th of the height of the 
projecting polysilicon region. 

Those skilled in the art will also be capable of adjusting the depth of the 
trenches in such a way that the larger isolation layer ( typically of silicon nitride ) of the 
spacers does not become detached. In this respect, it has been found that a trench depth of 
10 maximally half the height of the larger isolation layer and maximally half the thickness of the 
larger isolation layer would reduce the risk of said larger isolation layer becoming detached. 

The vertical portion of the smaller isolation layer of the spacers may be etched 
using an anisotropic etch process. In this case, only the vertical portion of the smaller 
isolation layer of the spacers is etched. 
15 The vertical portion of the smaller isolation layer may alternatively be etched 

using an isotropic etch process. This results in the formation of a horizontal trench inside 
each spacer, which horizontal trench is made in the smaller isolation layer between the larger 
isolation layer and the substrate of the integrated circuit, said horizontal trench extending 
from the side edge of the larger isolation layer of the spacer. Such a horizontal trench enables 
20 a further reduction of the risk of short-circuits between the silicidized source and drain 
regions, on the one hand, and the silicidized gate region on the other hand. 

The invention also aims at providing an integrated circuit comprising lateral 
isolation regions formed at the sides of at least one projecting region of polysilicon so as to 
be in contact therewith, each lateral isolation region being composed of a smaller isolation 
25 layer, contacting said projecting region, and a larger isolation layer. The integrated circuit 
further comprises a zone including a metal silicide situated in the upper part of the 

polysilicon region. 

In accordance with a general characteristic of the invention, each lateral 

isolation region comprises a vertical trench made in the smaller isolation layer between the 
30 larger isolation layer and the corresponding side of the projecting region, said trench 

extending from the top of the larger isolation layer of the corresponding lateral isolation 
region down to a predetermined depth. 

These and other objects of the invention will be apparent from and elucidated 
with reference to the embodiment(s) described hereinafter. 
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In the drawings: 

Fig 1 , already described hereinabove, diagrammatically shows a transistor in 
accordance with the prior art, and 

Figs. 2 through 8 diagrammatically show different steps in the implementation 
5 of the method in accordance with the invention; Fig. 8 more particularly shows a part of an 
integrated circuit in accordance with the invention. 

In Fig. 2, reference numeral 1 denotes a semiconductor substrate of silicon, 
and reference numeral 70 denotes a lateral isolation zone, or field oxide, which is typically 
made of silicon dioxide, and which serves, for example, to isolate the active zone formed in 
10 the silicon substrate 1 from another active zone. _ . 

After the formation, in a customary manner, of a gate oxide layer 3, and after 
the deposition, in a customary manner, of a polysilicon layer and etching of the latter, 
polysilicon tracks 2 are obtained (shown in section in different planes), comprising, for 
example, a projecting region which is formed above the substrate and which serves to form 
15 the field-effect gate region of a transistor, and another projecting region which is formed 
above the field oxide and which serves to connect together two gate regions of two adjacent 
transistors. 

The height of the projecting region of polysilicon 2 generally lies in the range 
between 1500 and 2500 A, for example approximately 2000 A. 
20 Subsequently, a smaller isolation layer 400, typically of TEOS oxide, is 

similarly deposited in a manner which is known per se (Fig. 3), said smaller isolation layer 
having a thickness of the order of, for example, 200 A. Next, a larger isolation layer 410, 
typically of silicon nitride, is similarly deposited in a manner which is also known per se. 

After subjecting the larger isolation layer 410 to an anisotropic etch process, 
25 the configuration shown in Fig. 4 is obtained, wherein the etched, larger isolation layer 41 lis 
used to form the larger isolation layer of the spacers arranged so as to contact the vertical, 
lateral sides of the projecting regions of polysilicon. 

It is to be noted that the smaller isolation layer 400 can be used as a stop layer 

in this anisotropic etch process. 
30 Subsequently (see Fig. 5), a customary process is carried leading to a 

reduction of portions of the smaller isolation layer 401 obtained in Fig.4, which portions are 
situated on the polysilicon regions and outside the layer 411. 

This results in the formation of spacers formed by the smaller isolation layer 
402 and the larger isolation layer 411. The total thickness of the spacers generally lies in the 
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range between 50 nm and 100 nm, for example 70 nm. To be more precise, the thickness E of 
the larger isolation layer 41 1 is, for example, 50 nm while the thickness of the smaller 
isolation layer 402 is, for example, 20 nm. 

After the customary doping operations of the drain and source regions have 
5 been earned out in the semiconductor substrate as well as the subsequent high-temperature 
annealing process at a temperature above, for example, 1000°C for 5 to 50 seconds, a layer 8 
is deposited which is composed of a material which serves to protect a part of the integrated 
circuit against the subsequent silicidation step. This protection material may be silicon 
dioxide or TEOS oxide or TEOS oxide covered with silicon nitride, 
-j o - Next (see Fig. 6), the material 8 is subjected to an etch treatment so as to. ... 

remove it at the location of the region of the integrated circuit involved in the silicidation 
process. 

If the material 8 is identical to the material used for the smaller isolation layer 
402, then the etch treatment of the material 8 is extended so as to include an overetch 
1 5 treatment leading to the formation of a vertical trench TR having a predetermined depth h 
between the larger isolation region 411 of the spacers and the corresponding side F of the 
projecting polysilicon region. 

If, however, the material 8 differs from the material of the smaller isolation 
layer 402 of the spacers, then an additional, selective etch treatment is carried out to form the 
20 trenches TR. 

If the etch treatment of the material 8 and, possibly, the additional etch 
treatment are anisotropic etch treatments, then only the vertical portion of the smaller 
isolation layer 402 is etched. In this case, preferably, but not necessarily, one or more 
isotropic etch processes are carried out in order to form also horizontal trenches TH between 
25 the larger isolation layer 41 1 and the substrate 1, said trenches extending from the outer 

lateral edge of the larger isolation layer 41 1 of the spacers. The function and the usefulness of 
these horizontal trenches TH will be described hereinbelow. 

The depth h of the vertical trenches TR is preferably at least equal to 1/20* of 
the height H of the projecting polysilicon region, resulting in a substantial improvement of 
30 the silicidation by a reduction of the mechanical stresses in the polysilicon. 

Moreover, in order to preclude that the larger isolation layer 41 1 of the spacers 
becomes detached, said depth h preferably remains below half the height HI of the larger 
isolation layer 41 1, and also below half the thickness E of said layer 41 1. 



WO 01/11669 6 PCT/EP00/07519 

This means, in a practical indication of the above ratios, that for a height H of 
the polysilicon of the order of 200 nm, a height h of the order of at least 10 nm leads to a 
substantial improvement of the silicidation. 

It is to be noted that the presence of the oblique sides FO on the field oxide 70 
5 is caused by oxide consumption during the manufacturing process. 

When the trenches have been formed, a metal 9 (see Fig.7) which is capable of 
forming a metal silicide with the polysilicon is deposited. This is a directional deposition 
which is carried out using, for example, a honeycomb-structured collimator, so that the 
trenches TR can be filled, which would not be possible if use was made of a customary 
10 powder-coating process. 

* 

After the silicidation step, a first annealing step is carried out using equipment 
that is known per se, said annealing step being carried out a temperature in the range between 
650°C and 800°C (for titanium) for a period of time ranging between 10 and 30 seconds, and 
a temperature of, for example 450°C for cobalt. 

15 This first annealing process causes the titanium to be converted to titanium 

silicide TiSi2, more particularly to a titanium silicide known to those skilled in the art as 
TiSi2-C49. This formation pf titanium silicide takes place through contact with the 
polysilicon as well as through contact with the silicon of the substrate. 

Through contact with the larger isolation layer 41 1 of the spacers, titanium 

20 nitride TiN and titanium oxides TiO x are formed. Titanium nitrides also form above the 
titanium silicide. 

It is to be noted that the trenches TR, which have been filled with titanium at 
an earlier stage, improve the lateral silicidation of the polysilicon regions. 

After the first annealing process, a selective reduction, which is known per se, 
25 of the titanium nitride, the titanium oxides TiO x and the titanium is carried out. This selective 
reduction is obtained, for example, by wet-etching in a bath on the basis of ammonia and 
hydrogen peroxide (H2O2). It is to be noted that a small quantity of TiSi2 is consumed in this 

wet-etching process. 

Subsequently, a second high-temperature annealing process is carried out, 

30 typically at temperatures above 800°C, for example 900°C, for a few seconds, for example 

about ten seconds, in order to convert the titanium silicide C49 to a less resistive titanium 

silicide known to those skilled in the art as C54. Also in this case, the conversion takes place 

under more favorable conditions than in the method according to the prior art, which can be 
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attributed to the reduction of the mechanical stresses in the polysilicon, which reduction is 
attributable to the presence of vertical trenches. 

After said annealing process, the configuration shown in Fig. 8 is obtained. In 
Fig. 8, reference numeral 5 denotes the metal silicide zone situated on the upper part of the 
5 projecting regions of silicon. Reference numerals 6 and 7 denote the metal silicide zones 
situated on the source and drain regions of the transistor. The upper surface of the metal 
silicide zone 5 is quasi planar. Furthermore, in the course of the annealing processes, 
particularly during the first annealing process, a small portion of the silicon is consumed. 
However, if said reduction in height is taken into account as well as the height of the metal 

1 0 silicide 5, a height H2 of the silicidized polysilicon region is obtained which is approximately 
equal to the initial height H of the polysilicon region. 

Consequently, the height h of the vertical trenches TR remains preferably 
equal to at least 1/20* of the height H2. 

Furthermore, the selective reduction of the titanium oxides, the titanium 

1 5 nitride and, possibly, the unreacted titanium, carried out between the two annealing 

processes, may result in titanium nitride residues and/or titanium oxide residues being left 
behind on the surface of the larger isolation layer 411, which residues may cause short- 
circuits between the zones if they simultaneously contact the silicidized gate zones and the 
silicidized drain/source zones. This risk of short-circuits is minimized by the presence of the 

20 horizontal trenches TH 



WO 01/11669 

CLAIMS: 



8 



PCT/EPOO/07519 



1 _ A method of manufacturing an integrated circuit, which method includes a 

stage wherein lateral isolation regions ( spacers ) are formed at the sides of a projecting 
polysilicon region so as to be in contact therewith, said lateral isolation regions each being 
composed of a smaller isolation layer (402), which is in contact with said projecting region 
5 (2), and of a larger isolation layer, which method also includes a silicidation process to which 
the upper part of the polysilicon region is subjected, which silicidation process includes the 
deposition on said upper part of a metal layer which is capable of forming a metal silicide (5) 
with the silicon, characterized in that the silicidation process includes, prior to the deposition 
of said metal layer, an etch step to which at least the vertical portion of the smaller isolation 
10 layer (402) is subjected so as to form a trench (TR) of predetermined depth (h) between the 
larger isolation layer (41 1) of each lateral isolation region and the corresponding side (F) of 
the polysilicon region (2), and in that the deposition of the metal layer is a directional 
deposition. 

15 2. A method as claimed in claim 1 , characterized in that the depth (h) of the 

trench is at least equal to 1/20* of the height (H) of the projecting region. 

3, a method as claimed in claim 1 or 2, characterized in that the depth (h) of the 

trench is equal to maximally half the height (HI) of the larger isolation layer and maximally 
20 half the thickness (E) of the larger isolation layer. 

4 # A method as claimed in any one of the preceding claims, characterized in that 

the vertical portion of the smaller isolation layer (402) is anisotropically etched. 

25 5. A method as claimed in any one of the claims 1 to 3, characterized in that the 

vertical portion of the smaller isolation layer (402) is isotropically etched. 

6. An integrated circuit comprising lateral isolation regions formed at the sides of 

at least one projecting region of polysilicon so as to be in contact therewith, each lateral 
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isolation region being composed of a smaller isolation layer (402), contacting said projecting 
region (2), and a larger isolation layer (411), and comprising a zone (5) including a metal 
silicide situated in the upper part of the polysilicon region (2), characterized in that each 
lateral isolation region comprises a vertical trench (TR) made in the smaller isolation layer 
5 (402) between the larger isolation layer (4 1 1 ) and the corresponding side (F) of the projecting 
region (2), said trench (TR) extending from the top of the larger isolation layer (41 1) of the 
corresponding lateral isolation region down to a predetermined depth (h). 

7 An integrated circuit as claimed in claim 6, characterized in that the depth (h) 
10 of the trench (TR) is at least equal to 1/20* of the height (H2) of the projecting region of 

silicidized polysilicon. 

8 An integrated circuit as claimed in claim 6 or 7, characterized in that the depth 
(h) of the trench (TR) is equal to maximally half the height (HI) of the larger isolation layer 

1 5 and equal to maximally half the thickness( E) of the larger isolation layer. 

9 An integrated circuit as claimed in any one of the claims 6 to 8, characterized 
in that each lateral isolation region comprises a horizontal trench (TH) made in the smaller 
isolation layer (402) between the larger isolation layer (411) and the substrate (1) of the 

20 integrated circuit, said trench extending from the lateral edge of the larger isolation layer of 
the lateral isolation region. 
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